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(57)Abstract: 

PURPOSE: To mass-produce a highly precise 
hollow engine valve at a low cost by sealing 
one end of a hollow pipe, heating and 
tempering the other end to form a hollow ball, 
then forming a shaft part, inserting a metal, 
and then sealing and welding the head 
surface part. 

CONSTITUTION: A mold releasing material 4 
is applied to the outer surface of a core 
material 3 having a small thermal expansion 
coefficient, then inserted to a hollow Ingot 
1 , extended to the shaft diameter dg of an 
engine valve, and cut into a prescribed 
length Ig. After the temperature is raised by 
heating to remove a core material 6 by a push 
bar 9, one end is sealed, the other end is 
heated and tempered to form a hollow ball 15, 
and a head part 16 is then formed. A metal Na 
20 Is inserted, and a head surface part 21 is 
sealed and welded. When a hollow engine 
valve having Na sealed therein by use of an 
austenite heat resisting steel frequently used 
for exhaust valve, particularly, a material 
containing Mn and easy to work and harden, 
the problem in pipe working method can be 
solved at once. Thus, a highly precise hollow 



engine valve having Na sealed therein can be 
mass-produced at low cost. 
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\zfimn (4) ^WM^. *^'f>:^-;/h (1) \zmx 
L, x>>'>A'jw:/©iig (do ) ST®#M»?f^s 

do ) fln3»#fiLTWb# (9) 

« (6) ^w^\.it^-m-^m±\y. mi^^Mmmv 

T*^J* (15) (16) SJ^^L^KN 

a (2 0) sjf AS, *SfiS (2 1) s»jt«srs:: 
m. 10 

i?>A-;i.yttgffi^g (do ) Bir)^S 
(1. ) fc«i»ru. ^<r>~^t:iafmiii&vxmmi. (3 
6) ?£)ffijgu m^T^gg (3 7) ^mtm&v. Km 

mii^^Z^ttm (3 5) C3B^SS&«IB"JI*55SNa*aA 
b, ««ft±a (4 2) T?->-;PSP»f 

iB®e»«^i.«fficws»«»«^^?ss (4 4) -rsvi 

m-^ms-] ;vi'-:mm (do ) iofe^g (do ) 
©nju:/«« (5 4) ©— sss, A;p:/iag (do ) tc 

J^b&m. A*;P:r3!l« (5 4) ©ffiS©asg5J:0^ 
(6 0) SiSJ^L, *U«fi!|*>6«ili)OXIC±0, 

/ett^i^iiixs^jSN a «^^A•r■5'l'Sx>s?>Av^:;/ 

(5 5) ©^DJr«BrMtC^&-5*iWl»tt(C«n«:«jBfS 

mm\z^i!bmsv^^>:dyh^/vv:fmit (54) # a? 

(Do ) *-t?Jl#bfc^, 0f^;g (Lc ) tC«JgrLTin 

Mm. ^©-^S&l»MJ¥muUTA•;^:;'Wg5 (do ) & 
fl^fSf S a:*fcft6jS®a®gB (5 7) &iMffl«SJifcJ:0 

^gp (6 0) ^m^nu-^tz.^. ttsflw^ 6.'-E;M6P©0f 

^fi&«I^JI**S. #JPiNa (6 5) *#Ab, 
iktJ (6 6) -C>'-;V^^-r-5.t*(CiagP (6 1) ©fi 
iK»!^1-SM(wWISt«i|sf (6 4) *^^^S-r-5c:i:S4# 
mt-rSN a«A4'^X>e^>A;i/y©»iS;&a. 
[^9^©l¥»a2^iJi^] 

[0 0 0 1] ^ 

^x>>?>/\-jP:/©Sje&8S:StH-rs. 
[0 0 0 2] 

[t¥*©S«] rtM«M. !|${cg«*fflx>>'>©ii5i4 
fiift:. <£*S»^fc. #«tj8R«l^?S:t*©3l*lC*fLT, 
aS!ft-rsx>5?>A;i'>'©6J6fl;, ili3»e^^fc^**M 
^jSS*?:^-:?. -e0fcft©W*^-^g;i:LTA';U:/ 
Sfifl:-rst*fc+Si^SCfc^«Na&i* 

AUTgJ»!^ttS|Sj±S-a:«: TN a»A«t»SX>-:;>A 
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[0 0 0 3] ccofp^x>'i/>A*;i/:/(^)S^<hi>Tii. 

V^T, T^H^ 2 6 JnX^N a 2 0 ^aALT«iSi#±W 1 

fip-^, ct3^/1-r:/2 2(^-S^. ttaail:M12T 
^JSm^gS. ftSS^Ty-fe^y Mg*ei 5U MlC^ggl 
e^lSieUfc^. BB^gpi 7^:^56 Na2 0^ffiA 

«a^^±« 1 9 -e^^Wih 2 1 -r^^&^-c^^^c 

[0 0 0 4] 0 7tC^*r*n<> AVI/:/ttSdo <i:Dt>* 
SDo <DRtt« : Lo ) C0$fe«SSrBSl7 2^. * 

(Extrude tM'o) JCctDW857 4 (^gdo ) 

L < «ftmiDxft ici; 0 , n-^m.^'^^fm 7 e iox 

!^HN a 7 8 Aa«I«tJjhtf 8 0 TSiaBEfiS 7 
[0 0 0 5] 

[^W;!)^»*L.J:3 (ht-^^] 

(1) mkfmsxx&<n>wm 

G4 3 1 1. SUH 1 1 : 9%C rSI) StH^Jte^ 

nTV^^:t-X5=-:^-r h^HI^IH J I S4 3 1 1, 
SUH35:0, 5 C - 2 1 C r - 4 N i - 9 Mnil) 

iPX^>fb;O^^L'<AH:7^-;i/H»iMicJox^{b:b. S 
[0 0 0 6] X. :^>KU;^7^:^^^x^T^i*Sffl5rtM 

R^;^fRltCjPX^;^51f#3S^«:K(^S;^i:J^DM<. :fe 
^;5:Na^-&Wr^CDT. »®CO|^®mm[nJ-hJfim^^ 

(2) m>^ijpx^coMM 

(SUHl 1 : 9%CTmUE) ^\t. jt« 
(SUH 3 5:0. 5Cr-21Cr-4Ni-9Mn 

mf3i^) ^\t. t < tc{t_hi^co?&Hinx?&tgxHJ8T> 
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[0 0 0 7] *^ejcD@W«iaai:^Bttffix>>^>fflco 
[0 0 0 8] 

[^S<&»S^T^fc(d(^)^a] gll-4Jct><i:::^€rmi 

(1) mi^mmur,f}mmxmmmm^(D:k^\,^^^ 

fc^ mi (a)(b) mtmwmx^t^mmji^ti: 
C01 (c) mm) o ^c7D^±fB^sdo cDiga^^fje 

\Z. .SM<h(^^j5AT0Ojf^9^W"r^flET^i:.8lCJ: 
mi (d)(e)Cf) #MD o 

[0 0 0 9] m^^^xmm (/^-r:/®) <7)-«8^pp»£e» a? 
it&mmnmmtmm\zmm) mz^r)tii^^i^^i 5 

:^hU»i7A2 OSrIfAU it±3» 1 9 $:/n>?x^>'3 

&mfe?^ttJCtt±tf^ [0 2 (g) ~ (m) o 
*5 (g) - (m) COXett^£*^»Icr)S«-e*«». 

[0 0 10] (2) m2^m\tj:>i^>/vv:/huxm 
mm^t^. m±itm\z»n^Rm. upxtt^&^^-S) 

<D!i^m^'^^f)mj:mz&nrc^^tt 3 s^^p^m^zmx 

cgi3 (a) - (b) nmmmi ^mwmxu^m 

51^^, tt±ffic;??^F^^Ife#^fc<i:O0f^^^do ^zm 

ms (c) Xe#fi8] • -hE^Sdo 
B^Seio tc:^»f« ms (d) xe#R8: , r:7^-fe^;/ 

hx^ immizmmmmmmvmm^z^mr^jim) ^ 

m^m^^o z.(D^^^mz\}nm3s^^mr^^i—m 

C0 3 (e)(f) xmrnm) . 40 
[0 0 11] m^^x^^3 7 hRi^a:)mm^^. st*3 

mm^^xf^mnmji^fffsii^^ ws (g) xe# 

J^tt±tfU, ^a«}MPSP3 9^0^JPl:hhU«:7A4 IS: 
»AL, «jttt4 2T»»jEES4 3 bT^^-r^« 

[0 0 12] ^3a!ig«x>>?>A;i/:/i:LTmi»tt, 
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^fimj:mz&ntz.i^^tt3^^^i^(o^mU2\znxv 

)tg C04 (a) - (b) Xg#ig] . HftMflPaibX^ 

M#-r^ [S4 (c) XS#^D o ±f3^SDo CD^** 
$^5fe«Lo JC^IWa Cia4 (d) xe#fiS] > ffiltD 

mji^ e^m\^ti-mm^9tm\z\.x}^%do (D^m\z 

JcO^KifWbXft (ExtrudeXj*) lCJ:DmS 

(^SDo ) <D-gB^^L^@aB5 7$?^^'r^o 

[0 0 13] jRl'iT, ±T-*f<D^^ (^IB^) T^gP 

6 os:®ja^?^Ts, ^icD^. ^mmzm^s i^m^ 

•r^O;j)^— C^4 (d) (f) xs# 

«s] o :K\zmm^i^mu^^w^. w^mt^^. s«5 

$*T7^:^MX6 3^fT?a:Vi [04 (g) XS^.^D . 

*^[Hiif56 1 \zmfmy.\m^.'^^e 4^^mmm^. 

^SMPgB6 3 cfcO^SNae S^JfAU **Jh*f 6 6 

[0 0 14] 
[#ffi] 

(1) »i»MT?« (0i'-2#M) anxttfc«nfe« 

«3^t|'^^>rr-/ Motf'trifAL'rv^^;^8e)v lara 

[0 0 15] *^-r >rr^y M«tc«i»JKffi««:<z):*c^ 

«5iSf§ffiV^S;^c86Slo (e) X@»c:KT, iS^iS^^ 
m\Z^K^MWcr^Z,t,\z^r). .-K«3^0'b^^tJlco 
::3^*^«^ie!g*^:fe#Vi:t8e)?&ratt±§lfeliDX^<:oa5SlJ6* 

tit^Mb, ^mtmrnu^^i^iyxm^-^nx^^ 
[0 0 16] (2) m2^mx\t msmm) mjimz 

ffitlfcSW 3 3 ^tf'^-r >=/!y h 3 1 (D^'fClf AUTVi 

fiKK^tt^-rso mz. }ftmmwm\zit3k(D^^^mx 
<Dmmm\z^m^±cs,ti>r:^ftffi. .-ews scosasicj: 

0> «»r^^^tr|fi±T^So ^-r>=f >;/ h 3 1 iiS 
«3 3 0#®{C«^^»I^<Da^^%^iO-C. i^gSIJO 

*iiii«krajs#i^jci8« mm»^«imm\z^^) $n 

IC»T. ^?^L.^«:«3 5 a&r;3 5 bti*^3 8JC® 



BEST AVAIUBLE COPY 



(4) 

5 

izm^tmm^n^o msoum (g) (Dmm^^^<Dfs> 
]^^j)vmiz^^ymmj:\z^x. :&U3 5\z\t. mmm 

[0 0 18] Xg (d) \Z^X. IS^US 5 Limits 4 

t<D^m}^mm^nx\^^^r:i^. xs (g) (d^ncmjdx lo 

\zmx. S*J 3 5 t H U 4 0 <i:OJI^X*iil^3^^^^K^cf n 

m\znx. ^-^mm\z^mi3 s\zm^mr:itti^^ 

ti^^. msnt. m^^^^^:^^izit^xmm^±\zx 20 

[0 0 19] (3) 'm3^mxn m4mm) snx^tc 
flinfcs«5 3 ^^^^ >:dv h 5 1 (omznxx^x^^ 
^it.}sb. fmikxs^mmwmz. ^^^mi(on^m^ 
mmmm^r^. mz. }^mmim\z^^. mmttm^ 

m\zwsr^^i:m^-:>fti^i^ms(Dmm\z^r). mm^^ 

\zummmm<Dmmf)^u\^^(Dxm§iU<Dms\tfmmw 

l^tC®S$nTV^^c XEx t r udeX*feJc<t;§(ftaB 30 

m^nx\^^^<Dx^m«is 4Rxs^m5 sizm-DX. ^ 
hm-tt<Dtiu<mm'r^<Dx. z^um^mmmrxoM 

[0 0 2 0] :^^mzm<Ex t r u d ej:mx\t. m 

«^Do ^~^\z^-^. mmdo ^mmthv^cDx. 
^3t<^tt^do ^%^^tf)^x^^ mm^m\z^ 
i^x^s mmzM^-i.rc^mmcDmM^mm'r^i^-^'fy^ 

mm^Tomm. m^^rnxmrn^fsi^i^^. ^sggeotc 
mmmxummt^^m'XJ^mmme 4^^<Dx. mm. 

[0 0 2 1] x® (g) (Ditim^^:»>}^u)vm\z^^ 
nmmjir^izmvx. i^^tt5 9i^xf6 2\z\tmmm'^ 
i&'^^mm<Di&.mm^'^mj:^By^Mn^m^^xu^<D 
X. mj:m^mmaf3i<. \^^j)v^^i)^^m\zmiLt^rc 

(c) \zMx. ««5 5 t^mtts 4 t(o^m\tmm^ so 
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nTVi^rcee)xe (g) (DnmMx\zi^x. s«5 9t 
a (^^'^tU':>x\^^^) \t:r:p^xmmhr^K>. ©i^-r 
*}Tfe^7&t, m\^\znmi>xh^mm<D^^ttx$>^rc 

[0 0 2 2] 

immm] siTmi--2^»mh*mimm<D^mm\z 

-D\^^xwmr^o 

i^mm 1 D ^ 1 oxsjcttvi JISG4311, su 

H3 5 (^t—T^y^-^^ hm:^^>UXm. 0. 5Cr- 
2 1 C r -4N i - 9Mn*) ^ffl >rf-/ h 

1 «1^S*56 0 0 <f). rtlE3 2 0 (f), ±gl 5 0 0m 

r^gSffittW^tti^f) rc. J I SG4 1 0 4, SC 
r 4 3 0 (^DAM. 0. 3C-lCr«, ;$1^^3 I 7 
4>. ^;gl 5 0 0mm) jtL# 3 CD^^a{r||«4 ^Jf92 

[0 0 2 3] 1 2 1 0X:x2h T(Dmmu^ 

^Paie#fCctO 2 5 <f>^-e^J^L/fCo JEtC5IoI(^)^ 

mmm^mj:\z^r)6, Si!>^x&jm. i^wmm^\z 

J: 0 6 . 6 0 fCttJitf JDXS:}gb;^Co 5IJ^^. 2 3 

stc^Sr^. 7 0 0i3t::jnSia«. 3. 

2 4><oW»\z^0^m^Vti^V. rtg3. B^KO/l-f:?^ 

[0 0 2 4] mzm3^»mvxm2mm\zz}\^>xmm 

CSIlfi^J2D JISG4311. SUH35 (:t—Xy^ 
-^-f h^X5^>lxX»l. 0. 5C-21Cr-4Ni- 
9MnS) ^fflVi;/Sitf'^-r>rf>y h3 1 (^^6 0 0 
I^S3 2 0 <i>> t^;S:l 5 0 0mm, rtgMlt««ffc 
±tf) JC> JISG410 4, SCr430 i^UA 
m. 0, 3C-lCrl«, ^^3 19 (J). 1 5 0 0 
mm) CO^:^ 3 3 ^WAWi. 1210X:x2hr <D^|^ 

mw^mmmi^ tm^^m^mxiz^ J9 e . S4> ^x^ 

}^mmm^\Z^K>. do =6. 6 (i) [rtt±tf fco 
[0 0 2 5] ^IC:^^ 2 2 Ol::^{^^. T:/-fe^;/ hX^ 
\Z^K>. nmM.mzXK>. #fi8cD-*^l 2 5 ^X:\zM 

mtmzm-jjmznwtmz^^mmy^. m±m7<i>(o 
n^m3 ^^^mv. :k-xM(DWimm\z^r)^^%3 

0. 5</), :g:fe^$2. 3mmcD[H]eB3 SS^T^^SK 

3 7^^«bfe. mz. tti»gS;6^^^S3. 4^<D15> 
\^^))V\ZX. 5 Omm/'m i n<7)3tDaST^^ 5 Om 
mCDgg7^:3 9^#;/^c J^l/^T. *^ffic^)IHIgB3 8(C*fL 
T, NimonicSOA (Ni m^^) om^^m^^ 

X. ^'yx^^mmm\z^^m^3%(D^^b'ti^^^m\z 

f;Lo m^^^X. tt«©BBPW3 935>^^JgNa4 1 <£Jf A 
tt«S«±«4 2&*»E»^{C<fct)S?^UT. Na 
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[0 0 2 6] mmm 3 d mmm 1 -rfiiis^sicDKf ^< 

>=f h 3 1 icjDX'i* {mm^mf^mmnmfs.E) \z 
&nrz.mL^(oi^^M 3 3 ^mxi.xm^^<Dmw^t^ e> 

c r - N i - unm<Dmxi^^tLi)\ Mm\zmm 
[0 0 2 8] mzmA^^mvx^m^%m\z-D\,^xm. 

C^Sfi^JSD JISG4311, SUH35 
-r^h^mmm. 0. 5C~21Cr~4Ni-9Mn 20 
m) *ffiVifc*S-f>rf*;;h (^a6 0 0<f». I^S3 2 
0 <f), 5 0 0 mm. |^^®}l«Mtt±tf) J I 

SG3101, SS41 ir-tBtm&mm. 3 19 
0. ±^1 5 0 0mm) <DAff^»Aa. 12 1 Q-CX 

Do =17. 0<f>^T^?^b, V3!y h:/^XhTKX 
^-)V\^1t. mz. :^«3 4. 5 (Lo ) tC^Wb, M 
^5 6 (1 c) Ex t r u d e X^fCj: DfftSdo 
= 6 . 6 mm (f) JCif ai Ufc^^ SMSg 5 7 ^i^jt^J^ b 
X^9V^Z0, 5<i). S:fc^$2. SmmO^^^ttOOffl ^ 

[0 0 2 9] mz. mmw^(D-^m^^^^m^^\^. m 

iSM35^e»^S3. A(t>(Di5>^^})V^2\ZX. 6 0mm 
/m i n (Dm. 0 iS^T, ^^6 8 mm<Dmf^ 6 3^5^ 
"P^SBSrJ^^bfCo m^X. *^g6©[HIB56 1 fc^ct 
bT, NimonlcSOA (Ni S-^^) 

I^ttT!»K«JC^^^S56 4^> *^<^^^ffi&^BlIK5 

m^mmx^. mmm±M^^^»f&B,mm\z^K>>^- 40 

)Vmi^\^X. NaitA*Sx>i;>AVl^:/^^J^b^Co 

[0 0 3 0] mmm 6 ] 5 xn,. mmm(o^^ 

^>d[y V 5 1 tClJDXfe (j^MttXiy^^fiUWH'm^^i:) 
tC«nfcfl£»$tCDS$!5 2^JfAbTmSS<7)Mg^d^ 

^x>v>A;i/:/s:^?^brc70^ ym(o-^m\z^^m^ 
»ti^^7.^'-h\yxam\yX'hA\i^. mmmoym 
m^^^2 ;^xsH^*TThv-fx (Mm ^mz^ 
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HI p {mmm^iifim:/vx> \z^K>m^mm\^td^. ^ 

m^^^^mz^^bmm.wfi^^Ts^-' v hx^A^^o 
[0 0 3 1] immmi^ :t.>>^>n)vy^ix^mmm 
\z\t. c r - N i - Mnm(omxm^itffi^ mmzmni 

[0 0 3 2] mmm s d ji^csi'b b < ti> s & 

-&^^ftHfJ«^fflV>Si:;&:|5»^bV>. 
[0 0 3 3] 

x\^^^'t—x7-±-< vmumm. ^<\zun^^7m^ 

®{fcb^Tli«1Bf^fflV^TNa^£itAbfc*^X>>^> 
>!r+iS*b;5^i)nXT^35:*^o:fcWS87^iB4tlX^*^, igrr 

[0 0 3 4] ^2^m\z^n\t. w^§m\z^m^n^:t 

^^mj:mi\:.i.'pr^^mn^m^^x. Na^ttAb)^:* 
^x,>-j>n)vy^nm'^\zmr^. ^mummi^yy^ 

b75^ttS»75^^7XMlraXT^;5:}6^o:rco X, ft«linx<^« 
^Jc:t>, se^ffi:/a:tt««acF>?B«i:fi|B*;a:linx3SffiRCK 

St?0t^»JCci:t). ^W{cx>s;>AVl'r/':£g«T^>^:0^ 

^tci)^. 7^m2^m\zxr^. mM<D^mn)vyum^t, 
mm) ^m^x^ii^'::>. i^^^m-i^mmt/^^^^^tijsb. i5> 

H U ^VCD^ffl^^-/ If >i^^^^ifT 1 i6i(^^#tt-c 1 0 
0 *£Jl±CC>*^>'N*;^:/<D7^§9lHIXdt^ffii:;5:-D fco 
[0 0 3 5] m3^MT^i. Ex t r u d eXS^jSffi 

*SDo CDSI«$ria;^VibK>!r sattJAS^ttt? 

mi} mi^m\zm^Naimx^^:x:>i^>/vu:/<D 

[^2] mi^m\zm^Namx^^x>i^>;vi^^<D 
mm^mxm 1 coj^xg^r^rsp 

ms] m2^^ir»^NaitA*^x>>?>A*;wycD 
[04] S3«^IC»^NaftA*^X>v^W\Vl/:/<D 

[063 fi£3fej^N a**Ax>>?wt;i':/(Z)/w 
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